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ABSTRACT
The Aggregate Flotation (AF) process is an advanced coal cleaning system
developed to overcome the limitations of conventional froth flotation in
processing very fine coal. The process can be used to clean finely ground
coal or to recover coal from a preparation plant fine waste stream using
conventional, easily scaled-up, sub-aeration cells and/or advanced
columns. Past work has resulted in greater understanding of reagent
systems and dosages, equipment parameters, coal comminution, pyrite and
ash liberation, chlorine removal, flotation selectivity and flotation
rates. Numerous reagents and combinations of reagents have been tested
to determine their effectiveness for floating fine Illinois coal. The
effectiveness of any given reagent system is a function of feed stream
characteristics such as coal type, mineral matter content and particle
size distribution. The AF reagent approach can be tailored to each feed's
unique characteristics.
During this contract period tests were conducted on various Illinois No.
6 and Illinois No. 5 coal samples to test the performance of reagent
packages in batch and continuous flow unit (CFU) tests. These reagent
packages included alcohol only, alcohol/kerosene, alcohol/surfactant and
alcohol/kerosene/surfactant mixtures. These tests have indicated that
small amounts of surfactant added to conventional reagent packages can
reduce overall reagent requirements and increase the rate of flotation
with little or no effect on flotation selectivity.
Test work was also conducted to determine pyrite and ash rejection as a
function of particle size for a high sulfur Illinois No. 5 coal (IBC-106)
and a low sulfur, high chlorine Illinois No. 6 coal. The results indicate
that for IBC-106 cleanability increases as particle size is reduced from
90% passing 213 to 90 microns, but cleanability does not increase with
further size reduction to 61 microns. For the low sulfur sample,
cleanability steadily increased as particle size was reduced from 90%
passing 288, 212, 84 and 61 microns. Compliance sulfur level (1.2 lbs
S0
2
emissions/10 6 Btu) was not reached at 90% Btu recovery until the 84
micron particle size.
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EXECUTIVE SUMMARY
The ISGS is developing an advanced physical fine coal cleaning process,
Aggregate Flotation (AF), designed to overcome the limitations of
conventional froth flotation. Past work has resulted in greater
understanding of reagent systems and dosages, equipment parameters, coal
comminution, pyrite and ash liberation, chlorine removal, flotation
selectivity and flotation rates.
To continue development of the AF process for treating a variety of feed
streams a comprehensive test program is being conducted on both a batch
and a continuous flow basis.
Specifically, the goals are to:
Develop commercially feasible combinations of
alcohol/surfactant/kerosene mixtures which will maximize ash and pyrite
rejection along with Btu recovery, but further improve on dosage
reduction and reagent cost.
• Determine optimum particle size/mineral matter liberation/flotation
recovery relationships for Illinois Basin coals in order to derive
cost-benefit ratios.
• Determine more effective circuitry design for the AF continuous flow
unit (CFU) process.
• Conduct preliminary pelletization and combustion tests using cleaned
Illinois coal as feedstock.
To accomplish the above objectives, work this year has focused on
developing processing schemes for two different types of feeds. One is
the fine coal -containing waste from an Illinois preparation plant (Herrin
SW-3). This stream is commonly quite high in mineral matter (50% ash) and
has a particularly high clay content. This feed does not require grinding
because it is already quite fine.
Finely-ground plant washed Illinois coal was the other type of feed stream
investigated. This feed is much lower in mineral matter (-8-13% ash).
Each feed stream is unique and requires different processing methods and
reagent approaches. To develop successful methods of treating these
differing feeds a variety of samples representing a cross-section of
Illinois Basin coals have been tested (Herrin SC-3, Herrin SC-4,
Springfield IBC-106).
For the work on the waste streams the goal was to economically recover
coal that would normally be thrown away while producing a quality product
that is low enough in mineral matter (particularly clays) to be readily
filtered. Two samples of this type were studied. Reagent tests were
conducted on an Illinois #6 run-of-mine (ROM) coal (Herrin SC-1) because
this sample had a high clay content which would simulate some of the
problems presented by a plant waste stream. While this work was in
progress, a sample from a plant waste stream was collected and prepared
(Herrin SW-3).
For the ROM Herrin SC-1 sample the results indicate that the most
practicable reagent approach is to use an alcohol/kerosene reagent system
with small dosages of commercial anionic surfactant being added to
increase flotation rates. Although the synthetic surfactant tested is
very effective the readily available commercial surfactant tested is also
effective in increasing flotation rates. Various alcohol/kerosene,
alcohol/kerosene/ surfactant and alcohol/surfactant mixes were tested.
Kerosene and surfactant addition were both found to lower reagent dosage
and increase flotation rates but too much of either reduced product grade.
A balancing of the kerosene/surfactant mix is necessary to produce optimum
results.
For the Herrin SW-3 (preparation plant waste) sample gravity tests were
conducted on the plus 100 mesh fraction of the waste stream and flotation
testing was conducted on the minus 100 mesh fraction. Approximately 78%
of the waste stream was minus 100 mesh. The results for the flotation
testing indicate that rougher/cleaner (two stage) flotation is necessary
to produce a low ash concentrate. Rougher concentrates were on the order
of 17% ash at 85 to 90% Btu recovery. Cleaner flotation lowered product
ash to 9.5% at approximately 80% Btu recovery. This was due to a reduced
clay content in the concentrate. The lowering of product ash from 17% to
9.5% should improve filterabil ity considerably, particularly with the
reduction in clay content. For plants that have had difficulty in
dewatering flotation concentrates, cleaner flotation may be beneficial.
This could result in not only increased filtration speed, but also lower
product moisture content.
Pelletization tests were done on the cleaner product from these tests.
Pelletization with a hydrated lime sulfur sorbent resulted in as much as
80% S0 2 capture during combustion and total S0 2 emissions of less than 1.2
lb/10 6 Btu.
Gravity testing of the 100 mesh fraction indicated that a high quality
product could be produced by tabling. The composite concentrate for this
fraction (< 90% Btu recovery) was 9.5% ash with a calorific value of
nearly 13,000 Btu/lb. Product pyritic sulfur was 0.8%. Thus, for this
waste stream a high quality product could be recovered by gravity and
flotation processing. A possible flowsheet would be use of a spiral
concentrator for the plus 100 mesh fraction and rougher/cleaner flotation
for the minus 100 mesh fines.
For the plant washed coals three samples were tested to determine
effective methods for treating this type of feed stream. To determine the
benefits of fine and ultrafine grinding particle size studies were
conducted on a low-sulfur high-chlorine Illinois #5 coal (Herrin SC-3) and
a high sulfur Illinois #5 coal (IBC-106). Batch tests were conducted on
both samples. In addition, to this work, a reagent study was conducted
on another sample (Herrin SC-4). This study compared an alcohol/kerosene
reagent system to two alcohol/surfactant systems. CFU testing was also
conducted on this sample.
For the low sulfur-high chlorine sample four particle sizes were tested
- 90% passing 288, 212, 84, and 61 microns. This work indicated
increasing cleanability with decreasing particle size, but compliance
sulfur levels (1.2 lbs S0 2 emissions/10
6
Btu) were not achieved until the
61 micron particle size. It was also determined that grinding to this
particle size resulted in a 20% decrease in chlorine level.
A fifty pound sample of concentrate from CFU testing of the low sulfur
sample was shipped to a commercial briquetting company for evaluation.
The sample was of compliance S0 2 emissions levels. The sample was dried
to a very low moisture content < 5% and compacted with a force of 13.0
tons in a laboratory twin roll briquetter. A 8.1 ton force was found to
be insufficient. The results indicate that the sample could be
successfully briquetted without binder. Resistance to moisture, however
was questionable. The briquettes had an eight foot drop at failure and
a 37.8 ± 5.6 pound crushing force.
For the high sulfur sample (IBC-106) particle sizes of 90% passing 213,
90, and 61 microns were tested. For this sample cleanability increased
as particle size was reduced from 213 to 90 microns, but little if any
additional cleaning was achieved at the 61 micron particle size. Reagent
consumption also increased considerably at the finer particle size.
To determine if other reagent approaches would be successful at producing
a superior product grade at the 61 micron particle size various reagent
conditions and flotation conditions were tried. Both 2-ethyl hexanol
(2EH) and surfactant mixes were tried at two aeration rates (4 and 9
liters/min), an alcohol/kerosene mix was tried, and an alternative frother
was tested (a polypropylene glycol). The results show that all mixes and
conditions produced similar grade/recovery curves for this sample. Higher
aeration rates, kerosene and particularly surfactants all resulted in
dosage reductions from the "alcohol only" approach. Choice of proper
reagent would depend on overall cost and possibly, the type of equipment
used.
For the Herrin SC-4 sample, 2EH/surfactant mixes were compared to
MIBC/kerosene. The surfactants resulted in a significant decrease in
reagent dosages but a slight reduction in product grade.
The overall result of the reagent work on plant-washed samples is that
what works best for one sample may not work best for another sample.
Generally, alcohol/surfactant mixes result in lower reagent dosages than
alcohol/kerosene mixes, but lower dosages must be balanced by the higher
cost of the surfactants. Potential exists for alcohol/kerosene/surfactant
mixes for plant washed samples also. The work has resulted in
identification of a suite of reagents that have been found to be effective
in floating Illinois coal. Testing is required to develop a reagent
package for each coal
.
CFU tests were also performed on several coals. The results indicate that
grade results comparable to batch testing are achievable on a continuous
basis. Flotation times to achieve comparable Btu recovery are often
longer for continuous operation and reagent dosages are usually slightly
higher. These differences are partly attributable to differences in froth
removal between the batch testing system and the continuous system. For
batch flotation tests froth was removed manually and scraping by hand
generally results in removal of more concentrate that is possible by the
automated system for continuous operation. Also, on a batch basis there
are no constraints on the rate of froth removal. On a continuous basis
no more coal may be floated than may be continuously removed from the
launders.
Point of reagent addition was also investigated on a continuous basis.
It was found that a certain "threshold" level of reagent addition is
necessary to obtain acceptable Btu recovery. Once this level is reached
Btu recovery increases markedly. After achieving this "threshold,"
subsequent reagent addition is necessary to ensure high Btu recovery.
Point of reagent addition was not found to affect product grade (as long
as overdoing is avoided) so the reason for observing proper reagent
addition procedures is to maximize Btu recovery while minimizing reagent
expense.
Thus to achieve optimum flotation circuitry for any given coal sample,
particle size effects need to be investigated on a batch basis to
determine the economically best particle size. Also, the benefits of
rougher/cleaner flotation need to be investigated. For continuous
operation point of reagent addition needs to be optimized. The reagent
package can be developed from batch testing before being tested
continuously.
OBJECTIVES
The overall objective of this project was to develop an advanced froth
flotation process to remove pyrite, mineral matter, and other contaminants
from fine coal. Development of the AF process involves both improvements
in flotation chemistry and the operation of the flotation equipment. The
process may be optimized to clean finely ground coal, to remove mineral
matter and pyrite, or to clean coarser coal for less extensive cleaning.
In addition, the process may be optimized to recover coal from the fine
waste stream of a coal preparation plant without grinding. This would
increase the total coal recovered from the mine and decrease the solids
content of the waste stream.
Specifically, the goals were to:
. Develop commercially feasible combinations of
alcohol/surfactant/kerosene mixtures which will maximize ash and pyrite
rejection along with Btu recovery, but further improve on dosage
reduction and reagent cost.
• Determine optimum particle size/mineral matter liberation/flotation
recovery relationships for Illinois Basin coals in order to derive
cost-benefit ratios.
- Determine more effective circuitry design for the AF CFU process.
- To conduct preliminary pelletization and combustion tests using cleaned
Illinois coal as feedstock.
INTRODUCTION AND BACKGROUND
The ISGS is developing an advanced physical coal cleaning process,
Aggregate Flotation, designed to overcome the limitations of conventional
froth flotation. Extensive chemical, petrographic and mineralogical
support has aided in delineating appropriate process parameters. The
combined effort has led to a potentially viable option for significant
removal of pyrite and other mineral matter from Illinois coals.
Work this year has focused on developing processing schemes for two
different types of feed streams. One is the fine coal -containing waste
from an Illinois preparation plant. This stream is commonly quite high
in mineral matter (50% ash) and has a particularly high clay content.
This feed does not require grinding because it is already quite fine.
Finely-ground plant washed Illinois coal was the other type of feed stream
investigated. This feed is much lower in mineral matter (=8-13% ash).
Each feed stream is unique and requires different processing methods and
reagent approaches. To develop successful methods of treating these
differing feeds a variety of samples representing a cross-section of
Illinois coals have been tested.
To develop economical methods of recovering fine coal from Illinois
preparation plant waste streams, two samples were studied. Reagent tests
were conducted on an Illinois #6 ROM coal (Herrin SC-1) because this
sample had a high clay content which would simulate some of the problems
presented by a plant waste stream. While this work was in progress, a
sample from a plant waste stream was collected and processed. Work on
this sample (Herrin SW-3) included gravity testing on the plus 100 mesh
fraction and flotation testing on the minus 100 mesh fraction.
Information gained from treating the Herrin SC-1 sample was used to
develop a reagent package for the waste. Preliminary pelletization and
combustion tests were also performed on this sample.
Three plant washed coals were tested to determine effective methods for
treating this type of feed stream. To determine the benefits of fine and
ultrafine grinding particle size studies were conducted on a low-sulfur
high-chlorine Illinois #6 coal (Herrin SC-3) and a high sulfur Illinois
#5 coal (IBC-106). Batch and CFU tests were conducted on both samples.
In addition to this work, a reagent study was conducted on another sample
(Herrin SC-4). This study compared alcohol/kerosene reagent system to two
alcohol/surfactant systems. CFU testing was also conducted on this
sample.
EXPERIMENTAL
This research employed well documented procedures which were based on
widely accepted practices. Bench scale flotation tests were conducted in
a 0.14 cubic-foot standard sub-aeration flotation cell. Unless otherwise
noted, for each test, reagents were conditioned for two minutes prior to
flotation and tests were performed at 4% solids by weight. Material
balances were performed for each test.
CFU tests were done using a bank of four 0.25 cubic-foot sub-aeration
flotation cells. Approximate capacity is 30 lb/hr and was dependent on
feed rate and percent solids of the feed stream. As with the bench scale
work, each test included a complete material balance.
RESULTS AND DISCUSSION
REAGENT MIXTURES STUDY ON HERRIN SC-1 (RUN-OF-MINE ILLINOIS NO. 6 COAL)
To develop improved methods of recovering fine coal from Illinois
preparation plant waste streams, a test program using ROM Illinois No. 6
(Herrin SC-1) coal having approximately 29% ash and 0.8% pyritic sulfur
was undertaken. A ROM sample was chosen because its relatively high
mineral matter content, particularly fine clays, would simulate some of
the problems presented by a plant waste stream. The objective of the test
program was to determine a reagent package that would achieve high Btu
recovery while effectively rejecting mineral matter, especially pyrite,
and doing so at minimal cost. Samples were ground in a stirred ball mill
to a 90% passing size of 58 microns (270 mesh) for flotation testing. The
following batch flotation tests were run.
1. Alcohol and Alcohol/Kerosene Tests
IS6S experience is that an "alcohol only" reagent system is generally
capable of achieving acceptably high Btu recovery, however, for many
Illinois coals, this approach results in excessively high reagent
costs. To establish baseline data for reagent consumption and pyrite
and ash rejection as a function of Btu recovery, a series of tests
using 2EH only was performed. (Previous testing has proven 2EH to be
an effective frother for Illinois coals). Data from these tests are
shown in Table 1. Btu recovery improved steadily with alcohol
addition, reaching 85% at about 13 pounds/ton of the alcohol, with
relatively high ash and pyrite rejections (87% and 72% respectively,
at 85% Btu recovery)
.
When kerosene was used in conjunction with the 2EH, the amount of
alcohol required to achieve a particular level of Btu recovery was
dramatically reduced (see Table 2). Three different dosage ranges of
kerosene, designated "low", "medium", and "high", were used in the
flotation runs. The "low" range was about 1.9 to 2.1 lbs/ton, the
"medium" range was about 3.6 to 4.4. lbs/ton, and the "high" range was
about 5.0 to 6.8 lbs/ton. A plot of Btu recovery vs. alcohol
consumption is shown in Figure 1. The lower curve is the alcohol
baseline and the three smaller curves represent those for "low",
"medium", and "high" kerosene dosages. Reagent requirements decline
only marginally as kerosene dosage proceeds from the low to the high
range. Inspection of Figure 2 shows that pyrite rejection drops very
little with kerosene addition, but Figure 3 indicates ash rejection is
more noticeably reduced with kerosene addition.
2. Kerosene Emulsification Tests
The objective for this series of tests was to determine if pre-
emulsification of kerosene with or without an emulsifying agent was an
effective method to reduce reagent consumption. The data indicated
that emulsification was of little benefit and the added cost for
emulsifying the kerosene with or without a surfactant is not justified.
The test plan involved repeating the series of tests using "low",
"medium", and "high" kerosene dosages. This time, however, the
10
kerosene was first emulsified by premixing it with 500 ml of water for
2 minutes at high speed in a Waring blender. This produced a milky
emulsion which appeared to be reasonably stable over the period of 30
seconds or so required to get the flotation apparatus set up and
operating. Results are shown in Table 3 and Figure 4.
The same series of tests was run for a third time with emulsified
kerosene, this time adding a very small amount of a commercial nonionic
surfactant 1008-11-14 (.13 to .16 lbs/ton), as an emulsifying agent.
Results of this series of tests are shown in Table 4 and Figure 5.
There is little evidence, from the data in Table 2, 3, and 4, and
Figures 4 and 5, to show that emulsifying the kerosene with or without
an emulsifying agent significantly improves the Btu recovery over
results obtained from kerosene given a 2 minute conditioning period.
Additionally, the presence of the emulsifying surfactant obviously
increases the ash content of the product.
3. "Fine-tuning" Alcohol/Kerosene Performance with Commercial Surfactant
Runs were made with near-idealized dosages of 2EH and kerosene, to
which small increments of a commercial anionic surfactant (1008-11-10)
(chosen because of its low cost) were added in order to boost
recoveries and observe the effect of increasing amounts of surfactant
upon product grade. The data in Table 5 and Figure 6 reveals that Btu
recoveries can be augmented with additions of the surfactant up to 0.25
lb/ton without significantly decreasing ash and pyrite rejection. The
rate of recovery is even more positively influenced, as seen in the
enhanced 2 minute recovery values. These trends are more easily seen
in Figure 7 which is a plot of Btu recovery for the 2 minute and 4
minute flotation concentrates, respectively. It can be observed that
addition of surfactant at 0.1 lbs/ton does not increase overall Btu
recovery appreciably but does result in a 10% increase in the Btu
recovery at 2 minutes. This trend begins to level off at 0.25 lbs/ton
surfactant. The implications of this are that in an alcohol/kerosene
reagent system, surfactant can be added to increase the flotation rate.
Dosages can be kept low by adding the surfactant in increments
throughout the flotation bank and product quality would not be
significantly affected. This approach could increase recovery for
difficult to float coals and decrease the amount of flotation cells
required to achieve high Btu recovery.
4. Alcohol /Commercial Surfactant Tests
Four runs were made using 2EH and 1008-11-10 only (see Table 6).
Although use of the surfactant resulted in greatly increased flotation
rates and decreased reagent dosage requirement, the relatively large
dosages of surfactant used in these tests resulted in significantly
decreased ash and pyrite rejection. As seen in Table 5 adding smaller
amounts of surfactant along with kerosene resulted in higher ash and
pyrite rejections indicating that the surfactant must be used in low
dosages and in conjunction with kerosene to achieve more optimum
results.
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5. Alcohol /Kerosene/Synthesized Surfactant Tests
Tests were performed in order to select the optimum dosage for a 3
phase system composed of 2EH, kerosene, and a synthesized surfactant
1008-11-51 (Table 7). The results for these tests with
surfactant/kerosene ratios of 0.4 are plotted in Figure 8 and 9 along
with data for the alcohol baseline and alcohol/kerosene reagent
systems. As may be observed, the pyrite and ash rejections for this
series were similar to those for the alcohol/kerosene tests. There
were also dosage reductions for these tests over those for the
alcohol/kerosene system. Potential use of the surfactant would depend
upon production costs.
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Figure 1- Btu recovery vs. alcohol dosaqe for alcohol baseline and low, medium and high
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Figure 3- Btu recovery vs. ash rejection for alcohol baseline and low, medium and high
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Table 1. Alcohol Baseline Flotation Tests for Herrin SC-1 Run-of-Mine Coal
Reagent
#/ton
Dosage
X Product % Btu
Recovery
% Reiect ion
Run I Ash Pyritic S Pyrite Ash
1 31' 2.29
5.70 0.28 18.3 94.8 97.3
2 31 4.45 4.80b
5.00c
0.26
0.31
23.8
48.6
93.9
85.4
97.1
93.8
3 31 6.77 4.50
5.19
0.28
0.29
36.5
57.2
88.8
81.4
95.9
92.5
4 31 8.70 5.30
5.68
0.30
0.31
54.4
76.3
82.5
74.1
92.5
88.8
5 31 11.29 5.00
5.46
0.31
0.33
57.4
82.0
80.2
70.2
92.7
88.5
6 31 13.27 5.40
5.78
0.28
0.31
65.3
85.6
80.7
71.7
90.8
87.1
* 2-ethyl hexanol in this and all subsequent tables.
b in each run the first row is analyses after 2 min flotation
c in each run the second row is analyses after 4 min flotation
15
00 l"» v *r in »* ~-< ^, cm en vo o
en r*
00 00
o r-»
en 00 en en
cm o
en en
ro en
en oo
rsi co
en co
cm en — o 00 vo CM CM in en CM ~ o 10 co o en — CM CM m en CM «•
—> en
en oo oo oo
w 00
oo r»
00 CM O r-.
en co co oo
«cr r-.
co r>*
CM ~
co r-~ 00 00
in r-.
vo m m o»vo m CM 00in in
o •—
ro CD
ro en
o o
oo en
en *r
vo co
o to
CM «•
oo en
IV 4-*
.j o
o i—
ro en
o o
ro m
o o
ro en
o o
CM CM
o o
o en
o o
— CM
o o
~ CM
o o fan Oicu f>
;
>>
>»—
r- n
n c
c ea
X oO t-
~~+ en ~
co en
in —t
i— vo
cm in
3 >
—• O
co u
*r vo
en co
O CM ^ m CNJ CM UD vO m m 00 VO
CO CO
-^ CM
co r^ co r»*
co r-*
co r«*
cm *r
co r^.
r>* en
—
• o o en T O r~ vo hx CM
VO CO
ro ^
vo «
«r 10
ro in
VO 00 in oo
oo en
*>r vo
CT» O
CO CO
VO CNJ
CNJ oo
vO CO
CO CO
o o
vo m
ro co
O O
O CNJ
lO VO
LO CNJ
co r*»
CNJ CO
o —•
vo vo
Lft en
ro r*»
*r co
Ji. *-» **-
aJ c «
i/» *«-
r— O 1-
JZ -C
E-ff-fi
16
in in
eg ««
a) r-
oo to
to —
•
o ro
v in
to r* c •—
C EE
.— O)
-Q C
i O ro — o I
o> «» *i
2,^ -S
u * o
10 O b
1- T33 *J C
VI VI O
1. u
c c <->
O -C J=
I- ° ° .-
CO T3 ro tO
E U 01
E •
O C C «T
u •.- — -?
-C
B
o <t
i j
1
(i)
Oj
BE
L
>lM a.
>.
u
= a>
*j >
CD O
(J
a* HI
as
co
u
-t-* w
^.
z l-
e >i
<: a.
u
D.
ro ~-« 00 r»
o —
i
ro ro
o *-•
^-
•fl-
^- ro
ro ro
in uo
o o ea o o o o o
o
-aO -*
r— o o
—
<
ro to
O 00
tn *r
O 00
r-. 00 at en r-* r^ 00 00
QJ Irt
r— «
™ C
c ™
=1 01
<-> >
CO o
01 c
13
-> o tn en ro —
•
«r en ro ro ~ 00 ro r^ en oo tn en —i en •W O en o
in ^*
ot a>
—t en
en oo
ro ro
en oo
en c\j
03 CO
en r^
CO oo
oo in
CO 00 oo oo
ro oo
co r^
CO in
CO 00 oo oo
cnj cn
CO r~
— en
CO l-»
*T U"» —• cn to o O 00 CM .—
1
cn v l£> CM « in m co ~ cn ~ CM co cn
CM o
cn cn CO CO
to r^
r-» to
r-» in
r-* to
in —
•
r«* io
..
co ro
KO tO
O CM
to m in o «o CMvO VO v cn\o m
P-4 tO
to in
CM CM
o o
lO CM
to in
^» CM
o o
ro CO
O O
cn o
ro
-a*
O O
o to O ~h
^-" ««r «W o
r** r*» r^ co
ro ro
O O
o in
to <a-
r^ co
*-» U at
cn « c
lO ^- O
^ON CM O CM VON in o cm —< o v «r o co ^ovo
c x: -c
O *J *j
><-«^ co-^^ ro«^ ro«i£ co«^ ro-^i^
17
Table 7. Alcohol/Kerosene/Synthesized Surfactant Tests for Herrin SC-1 Run-of-
Mine Coal
.
Reaqent
#/ton
Dosage
% Product % Btu
Recovery
% Re.iec:tion
Run # Ash Pvritic S Pvrite Ash
1 31
51
s
K
2.54
0.63
1.56
5.90°
6.33 c
0.35
0.38
62.2
82.6
79.7
70.6
90.9
86.9
2 31
51
K
1.58
0.64
1.58
5.50
5.90
0.27
0.29
50.9
73.6
82.5
72.9
92.5
88.3
3 31
51
K
2.38
0.19
1.47
6.40
6.40
0.37
0.37
49.2
73.9
82.7
73.8
92.0
88.0
4 31
51
K
1.49
0.19
1.49
7.00 0.42 63.2 75.1 88.4
5 31
51
K
2.00
0.62
2.00
5.60
5.99
0.39
0.41
53.8
73.7
82.5
74.6
92.5
88.8
6 31
51
K
1.96
0.61
1.04
6.20
6.38
0.38
0.39
54.8
77.6
81.6
73.2
91.3
87.3
7 31
51
K
1.96
0.19
1.96
6.60
6.65
0.33
0.34
57.6
69.5
81.7
77.3
90.4
88.3
8 31
51
K
2.00
0.19
1.06
5.90
6.16
0.37
0.38
42.7
57.4
86.3
81.2
93.6
91.0
9 31
51
K
2.49
0.43
2.01
6.40
6.77
0.34
0.37
69.1
87.7
77.5
68.9
88.5
84.5
10 31
51
K
2.38
0.41
1.02
5.40
5.72
0.34
0.37
52.0
73.1
84.6
76.6
93.1
89.6
11 31
51
K
1.50
0.42
1.97
6.50
6.63
0.36
0.37
58.8
75.2
80.2
73.7
90.2
87.2
12 31
51
K
1.46
0.41
1.01
5.60
5.60
0.31
0.33
48.1
61.2
86.6
82.0
93.2
91.4
13 31
51
K
2.02
0.43
1.54
6.30
6.67
0.33
0.35"
52.5
75.5
83.9
75.0
91.7
87.3
14 31
51
K
1.98
0.42
1.52
5.80
6.29
0.36
0.38
51.4
74.0
83.3
74.6
92.5
88.2
15 31
51
K
2.42
0.61
6.30
6.39
0.28
0.31
34.2
60.0
90.7
82.0
94.4
89.9
16 31
51
K
1.94
3.88
6.00
6.37
0.29
0.31
55.4
74.9
82.5
74.5
91.4
87.6
17 31
51
K
1.94
4.34
5.80
5.93
0.31
0.32
60.4
76.4
79.4
73.0
91.0
88.3
synthesized anionic surfactant
b in each run the first row is analyses after 2 min flotation
c 1n each run the second row is analyses after 4 min flotation
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Figure 6- Effects of incremental addition of commercial anionic surfactant on Btu recovery,
ash rejection and pyrite rejection.
lbs/ton - 10
Figure 7- Effect of incremental addition of commercial anionic surfactant on 2 and 4
minute Btu recovery values.
19
g
100
90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10 -
alcohol baseline
4 alcohol/51/kerosene
A alcohol /kerosene
O alcohol/emulsified kerosene
X alcohol/surfactant emulsified kerosene
50 50
FYRITE REJECTION^
Figure 8- Comparison of Btu recovery vs. pyrite rejection for alcohol baseline and other
reagent approaches
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Figure 9- Comparison of Btu recovery vs. ash rejection for alcohol baseline and other
reagent approaches.
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REAGENT MIXTURES STUDY ON HERRIN SC-4 (HIGH SULFUR ILLINOIS NO. 6 COAL)
Batch experiments were conducted to test and compare the effectiveness of
alcohol/kerosene and alcohol/surfactant mixtures for flotation of an
Illinois #6 (Herrin SC-4) coal sample. MIBC/kerosene and mixtures of 2EH
with both a synthesized surfactant (51) and a commercially available
surfactant (1) were tested. Additionally, MIBC/kerosene and the 2EH/51
mix were also tested in the continuous flow unit. Seven CFU tests were
run; however, material balance problems occurred for the methyl isobutyl
carbinol (MIBC)/Kerosene and one 2EH/51 test and only three runs are
reported.
Batch testing results are listed in Tables 8-10. For these tests the
aeration rate was 8 standard cubic feet per hour (scfh) and flotation
times were 8 minutes. The samples were ground in a batch stirred ball
mill to a 90% passing size of 53 microns (270 mesh) for flotation testing.
The reagents were conditioned for two minutes prior to the beginning of
flotation.
The batch testing data are graphically represented in Figures 10-13. In
Figures 10-12 the data for each reagent were plotted at two different
levels of alcohol/total dosage fractions, one of approximately 20% and one
of approximately 50%. For each respective reagent, data at both the low
and high fractions lie on the same curve showing little differences in
selectivity. However it is apparent from the curves (Figure 14) that the
MIBC/kerosene mix has superior selectivity on a batch basis than either
surfactant/alcohol package for this particular coal sample.
Total reagent dosages for the alcohol/surfactant mixture were signifi-
cantly lower than for the MIBC/Kerosene mixture. Plots of reagent dosage
vs Btu recovery for the three mixtures are shown in Figures 15-17. Once
again, different alcohol ranges are identified in the plots. As seen, to
achieve 90% Btu recovery approximately three times as much kerosene is
required than 2EH/51 and 2EH/1, i.e., approximately 9, 3.0 and 3.2 lb/ton,
respectively. In Figure 15, the data show that the two MIBC/kerosene
fractions lie along the same line. When considering the fact that MIBC
is considerably more expensive than kerosene it is better to keep the MIBC
content as low as possible.
For the 2EH/51 mixture (Figure 16) the advantage of a higher surfactant
level in reducing total reagent dosage is apparent at the lower Btu
recoveries. This savings in dosage must be balanced by the increased cost
of the surfactant. For the commercially available surfactant, however,
dosage reduction at higher surfactant loadings is not indicated (Figure
17).
For CFU testing, the process variables were kept as similar to batch
testing conditions as possible. The feed rate was approximately 1.0 gpm
resulting in a retention time per cell of two minutes and total retention
time of 8 minutes; the aeration rate per cell was 12.5 scfh. The feed
particle size was approximately 90% passing 270 mesh.
The CFU data are listed in Table 11. Comparing the grade recovery data
from the CFU runs to the batch data (Figure 14) indicates that the
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surfactant alcohol mixtures worked better on a continuous basis than on
a batch basis. This improvement is most likely due to the fact the
surfactant was added in stages (cells 1 and 3). For some coals, at high
surfactant doses, mineral matter as well as coal will float. If staged
reagent addition is used, the surfactant concentration per cell is
reduced, which can result in improved product grade over batch results.
The MIBC/kerosene batch results were, however, superior to the 2EH/51 CFU
results.
For the surfactant/alcohol tests reagent dosage agreement between batch
tests and CFU test number one was relatively good. A total reagent dosage
of 3.6 lb/ton yielded a 90.1% Btu recovery. For the batch data
approximately 3.2 lbs/ton were required to obtain Btu recovery in the 90-
95% range. For CFU run number two, very little Btu value floated in cell
one. This is attributed to an intermittent problem, since corrected, of
reduced aeration in this cell. If all four cells had been operating
properly, Btu recovery would likely have been in the 90% range. The
amount of total Btu value floated in cells 2-4 (72.9%) in this test
compare well with the amount floated in cells 1-3 (79.2%) in test one.
For the third CFU test it appears that cell one was also not receiving
full aeration because the Btu recovery in cell one was less than in test
one while having a higher total reagent dose with similar surfactant
levels. However, it is also apparent from this test that massive amounts
of reagent do not raise Btu recovery above the 90% range.
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Figure 10- Btu recovery vs pyritic sulfur and ash rejection at two ratios of
MIBC/Kerosene addition for an Illinois No. 6 (Herrin SC-4) coal.
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Figure 11. Btu recovery vs. pvritic sulfur and ash rejection at two
ratios of 2EH/51 addition for an Illinois No. 6 (Herrin SC-4)
coal.
23
ioo-
80
40 ~-
20 --
O 2EH/1-0.4-0.52 1 Fraction
Q 2EH/1- 0.2-0.33 1 Fraction
-- 100
--80
CD
ff
sP
--40
--20
40 60 80 100
BTU RECOVERY
20 40 60 80 100
Figure 12. Btu recovery vs. pyritic sulfur and ash rejection at two ratios of
2EH/1 addition for an Illinois No. 6 (Herrin SC-4) coal.
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Figure 13. Comparison of Btu recovery vs. pyritic sulfur and ash rejection
for the two 2EH/surfactant reagent mixes and MIBC/Kerosene for
an Illinois No. 6 (Herrin SC-4) coal.
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Figure 14. Comparison of Btu recovery vs. pyritic sulfur and ash rejection
for the CFU and batch data from testing of an Illinois No. 6
(Herrin SC-4) coal.
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Figure 16. Reagent Dose vs. Btu Recovery for two ratios of MIBC/KEROSENE addition
for an Illinois #6(Herrin SC-4) coal.
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Figure 15. Reagent Dose vs. Btu Recovery for two ratios of .2EH/51 addition for an
Illinois #6(Herrin SC-4) coal.
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Table 8. Batch Laboratory Results for the Herrin SC-4 coal with MIBC/Kerosene Mixtures.
Mass Balanced
Dosaqe (*/t) MIBC Total X Product % Feed
M1BC KiB Frac Dose */t WtR BtuR AR £S Ash PS Ash Pi
1.581.58 1.58 0.50 3.17 49.5 53.4 77.5 73.0 5.4 0.86 11.9
2.19 2.19 0.50 4.38 58.7 64.8 77.2 72.5 5.4 0.86 14.0 1.84
1.42 2.42 0.50 4.85 69.7 73.9 65.0 60.4 5.0 0.76 10.1 1.34
3.26 3.26 0.50 6.52 72.6 78.3 65.3 59.6 5.8 0.93 12.1 1.68
1.04 5.44 0.16 6.48 72.8 78.7 64.8 53.6 5.9 1.30 12.2 2.04
3.90 3.90 0.50 7.80 73.7 79.2 64.4 56.0 5.7 0.93 11.8 1.56
5.27 5.27 0.50 10.54 76.6 82.6 64.7 60.3 5.4 0.93 11.8 1.79
1.50 3.99 0.23 5.48 76.8 83.2 65.4 58.7 5.5 1.04 12.3 1.92
7.40 0.00 1.00 7.40 80.2 84.8 50.6 44.2 7.3 1.18 11.9 1.70
5.90 1.97 0.75 7.88 80.5 86.4 58.3 45.2 6.2 1.32 12.0 1.94
1.47 8.12 0.15 9.59 80.5 86.9 60.2 39.2 6.1 1.73 12.4 2.29
3.03 5.05 0.38 8.08 82.0 88.5 60.7 52.0 5.8 1.03 12.2 1.76
4.55 4.55 0.50 9.10 83.3 89.3 55.6 48.9 6.5 1.11 12.2 1.81
2.14 7.14 0.23 9.29 83.1 89.3 57.8 50.3 6.2 1.05 12.2 1.75
4.28 6.41 0.40 10.69 83.8 89.9 56.5 50.2 6.1 1.04 11.8 1.75
Table 9. Batch Laboratory Results for the Herrin SC-4 coal with Surfactant (51)/Alcohol (31) Mixtures.
Calculated
Dosaqe (#/t) 51 Total Recovery Removal Product. X
31 Frac Dose */t Wt_ BU[ Ash pyrite Ash "~~PS
1.52 0.25 2.04 42.6 45.7
0-00 1-00 1.03 49.2 52.3 70.5 67.2 Y.l Y.zl
1.22 0.51 2.40 77.3 82.4
1.95 0.26 2.62 79.0 83.9
0.45 0.75 1.77 80.9 85.1
3.28 0.10 3.64 81.8 87.4
1.88 0.33 2.81 83.3 88.0
2.17 0.33 3.26 90.4 95.1
P
78.4 76.5 6.2
7 3
66.4 62.1 7.2
64.5 59.6 7.1
61.7 54.8 6.8
55.8 49.2 7.8
56.2 48.9 7.5
55.3 46.6 7.4
56.6 47.6 6.8
52.2 44.2 7.2
47.5 33.4 7.8
47.9 43.6 7.6
47.8 40.3 7.5
43.3 36.3 7.6
40.7 30.4 7.9
40.6 31.3 7.9
Feed. X
Ash PS
0.91 12.2 1.65
12.2 1.87
0.97 0.44 1.74 57.1 60.6 1 14 12*2 172
0.66 0.60 1.64 62.4 63.4 124 ' 92
1.48 0.34 2.24 67.3 71.7
0.91 0.51 1.80 68.8 72.3
0.37 0.76 1.53 72.8 77.3
2-00 0.15 2.34 74.7 79.3 M 1*29 \\'\
1.18 12.0 1.76
1.34 12.1 1.81
1.28 12.5 1.82
1.80
1.11 12.2 1.65
1.30 11.9 1.84
1.64 12.0 1.99
1.18 12.1 1.70
0.91 12.0 1.65
4.02 0.00 4.02 87.7 92.1 1.31 11*8 feo
1.53 0.50 3.07 90.4 94.3 1.28 12"o 1*66
1.36 12.0 1.79
Table 10. Batch Laboratory Results for the Herrin SC-4 coal with Surfactant
(1)/Alcohol (31) Mixtures.
Mass Bal anced
Dosaqe <#/U 1 Total X Product X Feed
1 31 Frac Dose H/t WtR BtuR AR £5. Mi PS Ash PS
0.77 0.99 0.44 1.76 29.5 30.8 79.1 79.1 8.6 1.21 12.1 1.70
1.21 1.11 0.52 2.32 56.5 58.4 63.0 61.4 7.7 1.18 11.8 1.73
0.77 1.60 0.32 2.38 56.2 58.8 62.1 62.1 8.2 1.15 12.1 1.70
0.26 2.27 0.11 2.53 65.3 68.9 58.8 55.7 7.6 1.13 12.0 1.67
0.00 1.75 0.00 1.75 65.6 69.5 59.8 56.8 7.5 1.17 12.2 1.78
0.63 2.51 0.19 3.12 79.4 84.1 52.7 47.2 7.3 1.30 12.2 1.95
0.34 3.16 0.10 3.50 82.8 87.9 49.8 45.5 7.4 1.31 12.3 1.99
1.03 2.06 0.33 3.09 83.3 88.1 49.0 41.9 7.4 1.35 12.1 1.94
1.26 1.88 0.40 3.14 84.8 88.7 45.4 34.9 7.0 1.09 10.9 1.42
1.57 1.54 0.50 3.11 87.6 92.0 41.8 32.0 8.0 1.38 12.0 1.78
1.69 1.66 0.50 3.35 88.2 92.5 40.3 33.1 8.1 1.36 12.0 1.79
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Table 11. Results from the Aggregate Flotation continuous flow unit showing
the effect of varying reagent and dosage on Btu recovery and ash and pyrite
rejection for the Herrin SC-4 coal.
Dosaqe(lb/ton ) % Btu
Composite
% % Ash % % PS
Run # Cell 2EH 51 Recovery Ash Rejection PS Rejection
1 1.22 0.61 18.7 5.4 91.8 0.71 91.6
1 2 40.9 5.6 81.4 0.79 79.6
3 1.22 0.61 79.2 6.5 58.9 1.01 50.3
4 90.1 6.8 50.6 1.05 40.8
1 1.93 0.51 2.5 5.3 99.0 0.64 99.1
2 2 30.3 5.5 86.9 0.74 86.8
3 1.28 0.51 59.2 5.9 72.3 0.89 68.6
4 75.4 6.1 63.9 0.92 58.3
1 3.14 0.52 13.6 5.4 94.2 0.70 94.3
3 2 40.9 5.7 81.8 0.79 80.5
3 3.14 0.52 73.5 6.5 61.8 0.98 56.0
4 89.2 6.8 51.4 1.04 43.6
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PARTICLE SIZE STUDY ON HERRIN SC-3 (LOW SULFUR, HIGH CHLORINE ILLINOIS NO.
6 COAL)
Batch flotation experiments were conducted on a low sulfur, high chlorine
Illinois #6 coal at particle sizes of 90% minus 288, 212, 84 and 61
microns. The objective of the test program was to determine pyrite, ash
and chlorine reduction as a function of particle size. Also, water
leaching with leaching times ranging from 5 to 60 minutes after grinding
was performed to determine the potential for further chlorine removal.
Additionally, because this coal had potential to be cleaned to compliance
sulfur emission levels by physical coal cleaning, another goal was to
determine what level of size reduction was required to reach this level
of sulfur removal
.
At each particle size tested, 2EH was used as a frother at two different
flotation conditions: 1) 1100 rpm with an aeration rate of 4 liters/min.
and, 2) 1500 rpm with an aeration rate of 9 liters/min. For the two finer
particle sizes (84 and 61 microns) MIBC was also tested as a frother. The
results (Tables 12 and 13) indicate no noticeable differences in
selectivity between the two frothers tested and the two flotation
conditions. Results for the particle size of 90% passing 84 microns are
shown in Figures 18 and 19. Reagent dosages, however, were substantially
lower for the higher mixing speed and aeration rate conditions indicating
that this would be a good method to reduce reagent requirements.
Separation efficiency, as indicated by pyrite and ash rejection, improved
steadily as particle size decreased, but compliance S0
2
levels were not
achieved at high Btu recovery until the 90% minus 61 microns particle size
(Figure 20 and 21). Chlorine removal also increased with decreasing
particle size, but water leaching was limited in effectiveness in reducing
chlorine levels after grinding (Tables 14 and Figure 22).
For the previously mentioned tests no collector was used, so reagent
dosages become quite high, especially at finer particle sizes. Use of a
collector such as a surfactant or kerosene or a combination of these would
result in lowered reagent requirements. To indicate what levels of dosage
reduction were possible by use of a surfactant, two additional batch tests
were performed at a particle size of 90% minus 53 microns and at the 1100
rpm and 4 liter/min aeration rate flotation conditions, using an
alcohol/surfactant mix (Table 15). The results indicate a substantial
decrease in the alcohol requirement to achieve equivalent Btu recovery.
Continuous flow experiments were conducted as an extension of the batch
testing program. One CFU run was performed using 2EH only as a reagent
and one was run using the 2EH/51 mix (Table 16). The particle size for
these tests was approximately 90% minus 53 microns.
Analysis of Figure 23 shows the grade recovery curves for the 2EH and
2EH/51 batch and continuous runs to be in reasonably good agreement.
Batch data for both the 2EH and 2EH/51 runs lie above the CFU curves for
pyrite rejection indicating superior results. However, the differences,
particularly at high Btu recovery levels, appear to be relatively small.
For the CFU runs both reagent systems fall on the same curve with respect
to pyrite rejection. However, ash rejection was superior for the 2EH/51
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package. For ash rejection the batch and CFU data seem to lie on the same
curve for the 2EH/51 mixture.
For the CFU runs, reagent was distributed evenly between cells; total
dosage for the 2EH only CFU runs was 16.0 lb/ton or 4 lb/ton per cell.
Btu recovery at this dosage was 94.8%. Data from batch testing at 16.74
lb/ton reveal a Btu recovery of 87.2%. One important difference to note
between the batch and continuous flow data is that the batch data was
obtained from four minute flotation times; CFU run time was 8 minutes.
For an equivalent 4 minute CFU retention time the reagent dosage was 8
lb/ton and Btu recovery was 73.9%. This is a good agreement with batch
data (Table 12) showing a 77.6 Btu recovery at reagent dosage of 9.46
lb/ton. The CFU dosage is actually an improvement over batch results.
The dosage agreement for the 2EH/51 package was reasonably good, but not
as close for the 2EH only reagent package. As for the 2EH only runs
reagent was distributed evenly between cells with a 1.2 lb/ton 2EH and
0.3 lb/ton 51 dosage per cell. Total dosage for the test was 6.0 lb/ton.
Batch data at 5.38 lb/ton (Table 15) show a Btu recovery of 92.8%. Total
Btu recovery for the CFU runs (Table 16) was 67.4%. The different
dosage/recovery relationship between batch and CFU results could be due
in part to the fact that the 2EH/51 reagent package was underdosed in cell
1 and consequently little Btu value floated in this cell. (It is not
believed that aeration problems existed for this test as was the case for
CFU runs reported in the last section). When the reagent dosage was
brought from 1.5 lb/ton total dosage to 3.0 lb/ton total dosage 33.21% of
the total Btu value floated in cell 2 as opposed to 2.96% Btu value in
cell 1. Btu recovery in cell 3 dropped to 11.7 (47.9% cumulative). When
more reagent was added to cell 4, Btu recovery in this cell jumped to
19.61% (67.5% cumulative).
The batch and CFU testing of the Herrin SC-3 sample indicated that
compliance S0
2
emission levels can be achieved on both a batch and
continuous flow basis but particle size reduction to approximately 90%
minus 250 mesh is required. Also, particle size reduction was found to
be an effective method for chlorine removal but water leaching after
grinding resulted in little additional chlorine removal. Additionally,
increased mixing speed and aeration rate were found to have little effect
on product quality but was found to be a method to decrease alcohol dosage
requirements. The two frothers tested, 2EH and MIBC showed similar
selectivity. An alcohol/surfactant mix was also tested and resulted in
a reduction in alcohol dosage requirements. An alcohol/kerosene mix was
not tested but likely would have also resulted in significant reductions
in alcohol dosage requirements. Agreement between batch and CFU testing
was good on both reagent dosage and product quality bases.
A fifty pound sample of concentrate from CFU testing was shipped to a
commercial briquetting company for evaluation. The sample was of compli-
ance S0
2
emissions levels. The sample was dried to a very low moisture
content < 5% and compacted with a force of 13.0 tons in a laboratory twin
roll briquetter. A 8.1 ton force was found to be insufficient. The re-
sults indicate that the sample could be successfully briquetted without
binder. The briquettes had an eight foot drop at failure and a 37.8 + 5.6
pound crushing force.
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Figure 18. Btu Recovery vs. Pyrlte Rejection for 2EH and MIBC at two flotation conditions
for coal ground to 901 passing 61 microns.
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Figure 19. Btu Recovery vs. Ash Rejection for 2EH and MIBC at two flotation conditions for
coal ground to 901 passing 61 microns.
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Figure 20. Btu Recovery vs. pyritic sulfur rejection for particle sizes ranging from 901
passing 288 microns to 902 passing 61 microns.
100
o
o
u
90 -
80 -
70 -
60 -
50
288
microns 61
microns
212
microns
20 40
1^
60 BO
ASH REJECTION,?!
Figure 21. Btu Recovery vs. Ash Rejection for particle sizes ranging from 902 passing
288 microns to 902 passing 61 microns.
32
o
z
w
1
u
N
W
3
o
£
300
280 -
260 -
240 -
220 -
200 -
180 -
160 -
140 -
120 -
100 -
80 -
60 -
40
+ Leached
Unleached
0.24 0.28 0.32
1
0.36
I
0.4 0.44 0.48
%TOTAL CHLORINE
Figure 22. Particle size vs. chlorine level for water leached and unleached samples.
100-
80
40
20
O 2CH/51 Continuous Data
O 2EH Continuous Data
A 2EH Batch Data
O 2EH/51 Batch Data
i
—t 60
-- 100
--80
•10
--20
80 100
BTU RECOVERY
20 It 60 80 100
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Table 12. Bench scale tests varying particle size, reagent dosage, impeller mixing speed, and aeration rate.
2-ethylhexanol (2EH); Coal - washed Herrin SC-3; impeller speed and aeration
rate - 1100 rpm and 4 lit/min, 1500 rpm and 9 lit/min
Reagent -
90% Reagent
% Btu passing
(microns)
dosage
(lb/ton) RPM
% A<;h % Total
Sulfur
% Pvri
Content
tic Sulfur
Rejection Btu/lb
(KSOj/
MMBtuRecovery Content Rejection
71.9 288 0.73 1500 3.6 51.6 1.00 0.55 38.9 14098 1.42
87.6 288 2.99 1100 3.9 38.5 1.00 0.46 31.4 14095 1.42
89.4 288 0.96 1500 3.9 35.9 1.10 0.53 26.4 14055 1.57
91.4 288 4.84 1100 4.1 31.5 1.02 0.48 24.3 14010 1.46
95.3 288 6.03 1100 4.1 33.5 1.00 0.55 22.0 13978 1.43
95.8 288 1.06 1500 4.3 25.0 1.06 0.53 17.2 13969 1.52
96.2 288 1.23 1500 4.2 26.4 1.08 0.54 16.4 13985 1.54
51.2 212 0.95 1500 3.2 69.7 0.90 0.43 69.8 14168 1.27
70.3 212 4.27 1100 3.2 59.6 0.92 0.43 51.4 14107 1.30
76.4 212 4.80 1100 3.5 53.0 0.93 0.47 44.7 14108 1.32
78.5 212 1.08 1500 3.5 51.2 0.96 0.48 42.3 14090 1.36
92.2 212 1.20 1500 3.7 38.3 0.97 0.49 26.7 14081 1.38
92.9 212 5.36 1100 3.8 36.5 0.99 0.51 26.0 14014 1.41
98.2 212 1.42 1500 4.1 29.5 1.08 0.54 20.4 13999 1.54
25.3 84 1.20 1500 2.9 87.0 0.78 0.31 88.9 14097 1.11
65.6 84 5.99 1100 2.4 70.9 0.84 0.36 61.6 14262 1.18
69.2 84 1.80 1500 2.8 64.4 0.86 0.37 59.1 14167 1.21
80.6 84 7.11 1100 2.6 60.3 0.88 0.36 53.0 14210 1.24
89.3 84 9.48 1100 3.0 50.9 0.91 0.45 38.3 14165 1.28
97.7 84 2.16 1500 3.3 39.6 0.93 0.44 28.6 14104 1.32
98.5 84 2.39 1500 3.4 40.9 0.95 0.43 31.2* 14091 1.35
66.8 61 2.41 1500 2.5 70.3 0.66 0.27 68.0 14263 0.93
77.6 61 9.46 1100 2.6 65.6 0.68 0.34 60.9 14242 0.95
79.7 61 11.72 1100 2.7 62.5 0.70 0.32 57.9 14258 0.98
87.2 61 16.74 1100 3.0 55.0 0.72 0.51 39.0 14204 1.01
89.5 61 2.82 1500 2.9 53.5 0.68 0.35 45.0 14248 0.95
95.6 61 3.18 1500 3.2 48.0 0.74 0.36 45.3 14190 1.04
99.5 61 4.15 1500 3.6 39.4 0.76 0.42 32.2* 14114 1.08
* calculated by difference
Table 13. Bench scale tests varying particle size, reagent dosage, impeller mixing speed, and aerate rate. Reagent
methyl isobutylcarbonal (MIBC); coal - washed Herrin SC-3; impeller speed and aeration rate - 1100 rpm and 4 lit/min,
1500 rpm and 9 lit/min.
90% Reagent
% Btu passing
(microns)
dosage
(lb/ton) RPM
% Ash % Total
Sulfur
% Pvri tic Sulfur
Content Rejection Btu/lb
*S0,/
MMBtuRecovery Content Rejection
51.9 84 4.74 1100 2.6 76.6 0.67 0.37 75.2 14252 0.94
72.8 84 1.87 1500 2.9 62.4 0.71 0.31 60.2 14212 1.00
78.9 84 8.39 1100 3.2 57.5 0.72 0.39 52.4 14175 1.02
80.8 84 9.42 1100 3.1 56.4 0.71 0.41 48.1 14189 1.00
92.6 84 2.54 1500 3.2 46.4 0.74 0.39 40.0 14164 1.04
98.6 84 4.75 1500 3.7 37.4 0.75 0.33 37.4* 14121 1.06
63.9 61 9.54 1100 2.3 73.4 0.66 0.27 71.4 14257 0.93
75.3 61 12.20 1100 2.6 65.7 0.69 0.30 60.4 14246 0.97
81.0 61 13.95 1100 3.0 59.8 0.70 0.35 55.6 14223 0.98
89.1 61 16.86 1500 2.7 55.6 0.71 0.34 50.4 14223 1.00
93.8 61 3.66 1500 2.9 49.7 0.66 0.33 44.2 14186 0.93
99.0 61 4.86 1500 3.1 44.6 0.71 0.39 40.1 14191 1.00
* Calculated by difference
Table 14. The effect of coal comminution in a rod mill and subsequent
leaching at room temperature on the chlorine content of the coal.
Coal - Herrin SC-3 washed coal with an initial chlorine content
of 0.44%.
Leaching time, Particle size [90% minus (micronsL_
minutes 288 212 84 61
0.46 0.42 0.39 0.35
5 0.42 0.42 0.35 0.32
10 0.43 0.41 0.34 0.30
20 0.43 0.41 0.34 0.29
30 0.43 0.41 0.34 0.31
45 0.43 0.41 0.33 0.30
60 0.44 0.42 0.33 0.30
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Table 15. Batch testing results for 2EH/51 and 2EH only runs for Herrin SC-3
coal
.
Dosaqe f#/tl Total % Product
2EH 51 Dose #/t BtuR AR PR Ash PS
3.60 0.99 4.54 83.2 57.1 53.9 2.9 0.33
4.31 1.07 5.38 92.8 47.9 47.0 3.2 0.31
9.46 9.46 77.6 65.6 60.8 2.6 0.34
11.72 11.72 79.7 62.5 57.8 2.7 0.32
16.74 16.74 87.2 55.0 39.0 3.0 0.51
Table 16. Continuous flow results for the processing of Herrin SC-3
coal using 2EH/51 and 2EH only as reagent
Dos age (lb/ton) Composite
Cell 2EH 51
% Btu
Recovery
%
Ash
% Ash
Rejection
%
PS
% Pyrite
Rejection
1
2
3
4
1.20
1.20
1.20
1.20
0.30
0.30
0.30
0.30
3.0
36.2
47.9
67.5
2.8
2.5
2.6
2.7
98.5
83.6
77.7
66.7
0.32
0.28
0.29
0.33
98.5
83.6
77.4
63.8
Total
Dose 4.80 1.20
Dos age (lb/ton) Composite
Cell 2EH 51
% Btu
Recovery
%
Ash
% Ash
Rejection
%
PS
% Pyrite
Rejection
1
2
3
4
4.0
4.0
4.0
4.0
33.1
73.9
90.6
94.8
3.0
3.2
3.4
3.5
82.3
56.7
43.4
39.3
0.39
0.37
0.40
0.41
77.4
51.5
35.5
30.9
Total
Dose 16.0
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PARTICLE SIZE AND REAGENT MIXTURES STUDY ON IBC-106 (SPRINGFIELD ILLINOIS
NO. 5 COAL FROM INDIANA)
Batch flotation tests were conducted on IBC-106 (Illinois Basin Coal
Sample #6) at particle sizes of 90% passing 213, 90, and 61 microns. To
establish baseline data, tests were run using 2EH only as a flotation
reagent. Additionally, at the 61 micron particle size, tests were run
using alcohol/collector mixes to determine reagent interactions. Most
flotation tests were performed at 1200 rpm with a 4 liter/min aeration
rate which is the amount of air naturally induced into the cell at 1200
rpm. Some tests, however, were performed at a 9 liters/min aeration rate
to determine the effect of increased aeration. All flotation times were
four minutes.
The results of the test program indicate increasing cleanability of the
sample as particle size decreases from 213 to 90 microns (Figures 24, 25).
However, as particle size is decreased to 61 microns cleanability does not
increase and pyrite rejections actually decrease. The decrease in pyrite
rejections as particle size is reduced to 61 microns is possibly
attributable to the grinding methods employed. The particle sizes of 90%
passing 213 and 90 microns were prepared by grinding in a laboratory batch
rod mill while the 90% passing 61 microns sample was prepared in a
laboratory stirred ball mill. Grinding in a laboratory rod mill takes
place by impact while grinding in a stirred ball mill is accomplished by
attrition. The results may indicate that the impact method results in
either better pyrite and mineral matter liberation or less contamination
of surfaces by "smearing" the surface of pyrite and other mineral matter
with coal, which renders it more hydrophobic. The difference could also
be due to less overgrinding of liberated pyrite or a combination of these
factors.
Reagent consumption (2EH) increased as particle size was decreased. The
increase was especially noticeable between the 90 and 61 micron particle
sizes, especially at high Btu recoveries. To determine methods of
reducing dosage and potentially improving product grade, additional tests
were run at the 61 micron particle size. Reagents tested included 2EH and
a 2EH/surfactant mix at both 4 liters/min and 9 liters/min aeration rates.
Additionally, 2EH/kerosene, an alternate frother (a polypropylene glycol
ether, (PGE), and a mix of frothers (2EH/PGE) were tested at 4 liters/min
aeration. The results (Tables 17-25) indicate that surfactants, kerosene
and increased aeration are all capable of reducing reagent consumption and
increasing Btu recovery. The alcohol/collector systems produced grades
similar to those produced by an "alcohol only" system (Figure 26, 27).
The frother mix tests show PGE to have stronger collecting properties than
2EH. The higher aeration rate was also found to aid in decreasing reagent
dosage without hurting ash and pyrite rejection values.
The results of the particle size reduction study indicate that the optimum
level of size reduction for IBC-106 is approximately 90% minus 90 microns.
This particle size is optimum from both an ash and pyrite rejection
viewpoint as well as for reagent consumption (for the frother used in this
test work.) Alcohol/surfactant and alcohol/kerosene mixes as well as an
increased aeration rate were effective at reducing reagent requirements
without hurting product grade.
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CFU runs were performed on IBC-106 at two particle sizes; one of
approximately 90% minus 100 mesh and one of approximately 90% minus 53
microns. Alcohol/kerosene (Tables 26, 28) was tested at both particle
sizes and an alcohol/surfactant mix (Table 27) was used at the finer
particle size (Figures 30, 31). The flotation time for the CFU tests was
eight minutes with two minutes retention time for each of four cells. The
results indicate that high Btu recoveries can be achieved on this sample
with good agreement for ash and pyrite rejection for the 270 mesh sample.
Ash and pyrite rejection was not as good for the 100 mesh sample.
Reagent dosage agreement, between batch and CFU data was good for the
alcohol/surfactant runs with similar dosages producing similar Btu
recoveries, but CFU tests required longer flotation times. The
alcohol/kerosene mixes were not able to produce good agreement between
batch and CFU data, and Btu recoveries were only moderate even at high
dosages. Pyrite and ash rejections were similar for both the
alcohol/surfactant and alcohol/kerosene systems with data for both falling
on the same grade/recovery curves.
Point of reagent addition was investigated for the alcohol/surfactant
runs. Three runs were performed at similar reagent dosages but different
levels and points of reagent addition. Feed rates for all runs were
similar as were all other variables. The data indicate that early
addition of reagent (cell 1) resulted in higher Btu recoveries with high
initial flotation rates. Although initial rates were high, recoveries
dropped in subsequent cells. When reagent was added in cell 3 in runs 2
and 3 flotation rates and Btu recoveries increased. Product grade served
independent of point of reagent addition (Figures 28, 29).
One run was performed at a slightly higher feed rate. Total reagent
dosage was higher than for run 3 with similar points of addition (cells
1 and 3) but overall Btu recovery was also higher. This result indicates
that feed rate can be increased, at least to this level, without severely
reducing Btu recovery. Grade/recovery data was similar for all runs.
The CFU testing indicates that, for this coal, an alcohol/surfactant
system is preferable to an alcohol/kerosene system because higher Btu
recoveries are achievable. Point of reagent addition was found to be
important with a threshold level of reagent level being necessary to
increase flotation rates and Btu recovery. Subsequent addition of reagent
is necessary to achieve high Btu recoveries. From a practical standpoint,
flotation rates must not be such that the concentrate is unable to be
continually removed from the launders. Thus, a balance must be achieved
between flotation rate and the ability to remove and transport the
flotation concentrate.
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Figure 24. Btu recovery vs. pyritic sulfur rejection for three different particle si2es of
IBC-106 coal using 2-ethyl hexanol , only.
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Figure 25. Btu recovery vs. ash rejection for three different particle sizes of IBC-106
coal using 2-ethyl hexanol, only.
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Figure 26. Btu recovery vs. pyrltlc sulfur rejection for IBC-106 coal (90S minus 61 microns)
using various reagent combinations.
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Figure 27. Btu recovery vs. ash rejection for 1BC-105 coal (90 minus 61 microns) using
various reagent combinations.
39
5
so -
80 -
\ a
s
F a
70 -
60 -
\a
50 -
40 - D Run 1
+ Run 3
o Run 4
30 -
20 -
1
i i i i i
40 60 80 100
PYRITE REJECTION,%
Figure 28- BTU recovery vs. pyritic sulfur rejection for CFU runs on IBC-106 coal 90% -53 microns
using 2-ethyl hexanol/51 reagent combinations.
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Figure 29- BTU recovery vs. ash rejection for CFU runs on IBC-106 coal 90% -53 microns using
2-ethyl hexanol/51 reagent combinations.
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Figure 30- BTU recovery vs. pyritic rejection for CFU runs on two different particle sizes
of IBC-106 coal. A-Alcohol; K-Kerosene; S-Surfactant.
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Figure 31- BTU recovery vs. ash rejection for CFU runs on two different particle sizes of
IBC-106 coal. A-Alcohol; K-Kerosene; S-Surfactant.
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Table 17. 8 min. Rod Mill Grind (901 Minus 213 Microns) for 1BC-106 Coal Using
2EHP1)
Run I Reagent
f/ton % Produc t % Btu
Recovery
% Re.iec
Pyrite
tion
Drsage Ash Pyritic S Ash
1.73 4.70*
S.15 b
0.97
1.06
31.5
44.4
47.1
73.6
47.3
73.7
2.31 5.3
5.8
1.13
1.21
65.8
87.4
58.6
41.0
61.6
43.9
3.41 5.8
6.2
1.21
1.27
82.7
95.1
46.0
34.7
49.2
37.2
1 31
2 31
3 31
* in each run the first row is analyses after 2 min flotation
b in each run the second row is analyses after 4 min flotation
Table 18. 20 min. Rod Mill Grind (90% Minus 90 Microns) for IBC-6 Coal Using
2EII tests
Reagent
If/ton
Dosage
% Product y. Btu
Recovery
% Re.ie
Pyrite
iction
Run f Ash Pyritic S Ash
1 31 2.42 3.80'
3.84 b
0.66
0.67
23.3
30.0
91.8
89.2
90.9
88.2
2 31 3.07 4.60
4.75
0.73
0.77
54.7
69.1
75.4
67.4
73.9
65.9
3 31 3.56 4.20
4.58
0.80
0.85
60.6
81.2
73.2
61.6
72.3
59.5
4 31 4.23 4.50
5.03
0.82
0.93
64.8
89.2
69.0
51.2
69.2
52.3
5 31 5.27 4.70
5.29
0.92
1.04
77.7
95.5
60.4
44.4
61.3
46.0
* in each run the first row is analyses after 2 min flotation
in each run the second row is analyses after 4 min flotation
Table 19. 5 min. Stirred Ball Mill Grind (90% Minus 61 Microns) for IBC-106
Coal Using 2EHf3I)
, „ .
Run I Reagent
1 31
2 31
31
in each run the Hr.-.t row is analyses after 2 min flotation
b in each run the second row is analyses after 4 min flotation
Table 20. 5 min. Stirred Ball Mill Grind (90% Minus 61 Microns) for 2EH
'/ton % Produc t % Btu
Recovery
% Re.iecti
Pyrite
on
Dosage Ash Pyr itic S Ash
4.46 4.0*
4.0b
0.86
0.87
30.6
39.1
06.5
82.5
87.8
84.2
6.66 4.4
4.7
1.00
1.05
58.6
78.9
68.1
54.8
73.3
61.3
11.3 4.2
4.8
0.93
1.04
63.2
88.8
67.8
49.4
72.8
56.4
Reagent
l/ton
Oocage
X Product % Btu
Recovery
% Re.iec
Pyrite
tion
Run J Ash Pyritic S Ash
1 31
PGE
2.18
6 54
4.40*
5.10b
1.01
1.12
66.7
92.4
63.0
42.7
64.3
50.9
2 31
PGE
4.29
4.29
4.10
4.63
0.93
1.04
54.9
84.2
72.4
52.3
76.4
59.0
3 31
PGE
6.50
2.17
4.10
4.48
0.93
1.00
49.7
75.3
75.6
60.3
79.3
65.6
* in each run the first row is analyses after 2 min flotation
b in each run the second row is analyses after 4 min flotation
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Table 21. 5 min SBM Grind (90% minus 61 microns) for IBC-106 Using
Alcohol/Surfactant Mixtures at 4 liters/min. aeration rate
#/ton
dosage Wt. R.
% product Btu. %
Recovery
%
Pyri
Re.iec
te
:tion
Reagent Ash Pyritic S Ash
31
51
1.65
0.41
14.5
20.5
3.70a
3.79 b
0.70
0.72
15.5
21.9
94.1
91.3
94.2
91.7
31
51
2.20
0.54
25.2
34.3
3.90
3.95
0.76
0.76
26.9
36.5
88.8
84.7
89.6
85.7
31
51
2.39
0.62
34.3
50.8
3.90
4.19
0.89
0.93
36.6
54.0
82.5
73.0
85.7
77.2
31
51
3.71
0.91
69.0
86.7
4.90
5.25
1.00
1.08
73.0
91.3
59.4
45.1
64.4
52.0
31
51
6.31
1.55
82.7
92.6
5.50
5.77
1.09
1.15
86.7
96.7
45.6
35.9
51.2
42.7
in each run the first row is analyses after 2 min flotation
in each run the second row is analyses after 4 min flotation
Table 22. 5 min. SBM Grind (90% minus 61 microns) for IBC-106 Coal Using
Alcohol/Surfactant Mixtures at 9 liters/min. aeration rate
#/ton
dosage Wt. R.
% Product Btu. %
Recovery
% Reiection
Reagent Ash Pyritic S Pyri te Ash
31
51
1.66
0.41
26.2
33.7
3.70a
3.74b
0.78
0.78
27.9
35.8
87.6
84.1
89.3
86.2
31
51
2.19
0.54
48.0
58.4
4.60
4.72
0.86
0.88
31.0
62.0
76.2
70.4
76.8
71.0
31
51
2.53
0.65
65.8
82.1
4.70
5.12
0.96
1.06
69.4
86.2
61.9
47.4
66.0
53.9
31
51
3.78
0.93
88.5
94.4
5.50
5.86
1.27
1.36
92.7
98.4
37.8
29.1
47.1
40.0
a in each run the first row is analyses after 2 min flotation
b in each run the second row is analyses after 4 min flotation
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Tabic 23. 5 »tn SB* Grind (90% Minus 61 Microns) for IBC-106 Using Alcohol/Kerosene Mixtures
Reagent
l/ton
Dosage wt R
Product Btu. X
Recovery
* Re<ectton
Run Ash Pyr Ulc S Pyrtte Ash
1 31
K
2.11
«.22
5S.9 «.<0* 1.08 59.26 66.9 73.4
2 31
K
3.08
6.15
78.3 5.00 1.11 82.68 SO.O 58.6
J 31
K
3.S8
7.16
87.2 S.00 1.13 91.79 43.4 53.1
* analyses listed are for 4 einute flotation time
Table ?4. 5 tnin. SBH Grind (90X Hlnus 61 HlcronO for IBC-106 usng 2CH at 9 1/min. Aeration Rate
Runl Reagent
1 31
2 31
3 31
1
In each run the first row is analyses after 2 mln flotation
b
In each run the second row is analyses after 4 min flotation
Table 25. 5 nin SBH Grind (90Xminus 61 microns) for IBC-106 Using a Polypropylene Glycol Ether (PGE)
J/ton
wt R
% Product t Btu
Recovery
X Reaction
PyrlteDosage Ash Pyirttlc S Ash
2.77 16.3'
21.1"
3.30
3.30
0.51
0.53
17.
S
22.7
94.8
93.0
94.1
92.3
5.36 35.4
44.6
3.40
3.44
0.65
0.66
37.9
47.7
85.4
81.4
86.6
82.9
8.73 65.3
82.7
4.70
5.02
0.93
0.99
69.2
87.3
63.5
50.8
67.6
56.2
Reagent
l/ton
Dosage wt R
X Product PtM. «.
Recovery
X Re1 ert ton
Run Ash PS Pyrite Ash
1 PGE 5.823 45.2*
70.
9
b
4.30
4.70
1.00
1.08
47.9
74.9
74.6
56.9
79.0
64.0
2 PGE 7.354 58.7
86.5
4.40
.
5. 11
1.00
1.13
62.3
91.1
64.3
40.7
72.3
52.7
3 PGE 8.489 ... ... ... ... ...
87.64 5.10 1.19 92.33 42.3 52.5
In each run the first row Is analyses after 2 mln flotation
' In each run the second row is analyses after 4 min flotation
Table 26. Results fron. ?fM/K Continuous Flow Processing of IBC-106 (90% minus 100 mesh particle size)
Oosane (In/ton) X Btu
Recovery
J Re lee
X Ash
ti on Ae
X PS
rattc
(1/
m Rate
Runl Cell 2EH K Ash PS min.)
1 1
2
3
1.5 0.5
0.5
21.1
28.4
31.8
-< 4.7
4.7
4.7
1.02
0.99
0.99
89.0
85.4
83.6
86.0
82.0
79.9
1.0
1.0
1.0
2 1
2
3
1.3 0.45
0.45
10.9
38.7
78.4
4.5
6.2
6.0
0.93
1.17
1.39
94.4
76.9
45.9
94.0
73.3
37.4
0.5
2.0
2.0
3 1
2
3
1.2S 0.4
0.4
8.7
33.5
70.7
4.4
4.9
5.5
0.81
1.02
1.16
95.4
80.2
52.6
95.3
77.4
45.2
0.5
2.0
2.0
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Table 27. Results from 2EH/51 Continuous Flow Processing of IBC-106 (90% minus
270 mesh particle size)
Cell
Dosaqe (lb/top)
2EH 51
X Btu
Recovery
X Reiect
X Ash
1on
Runl Ash PS % PS
1 1 2.8 0.7 19.4 4.0 0.85 91.4 90.9
2 54.6 4.4 0.93 73.2 71.7
3 74.6 4.5 0.99 62.2 58.6
4 81.7 4.6 1.01 57.7 53.7
2 1 1.5 0.5 4.4 3.4 0.73 98.3 93.3
2 13.8 3.3 0.74 95.0 94.8
3 1.5 0.35 50.1 4.0 0.98 77.6 73.7
4 68.9 4.2 1.02 67.5 62.2
3 1 1.95 0.5 10.5 3.5 0.82 95.9 95.2
2 40.2 4.4 0.95 81.2 78.7
3 1.30 0.3 72.6 5.1 1.07 62.5 56.4
4 83.7 5.7 1.10 55.3 48.2
4 1 2.3 0.55 12.9 3.8 0.9 94.2 93.3
2 45.5 4.1 0.93 78.1 75.8
3 1.6 0.65 76.3 4.6 1.06 58.7 53.5
4 86.6 4.7 1.09 52.0 45.7
5 1 4.0 1.0 30.2 4.3 0.69 85.4 83.9
2 54.8 4.5 0.73 72.0 69.2
3 69.1 4.7 0.78 63.0 58.4
4 72.7 4.7 0.79 60.7 55.3
Table 28. Results from 2EH/K Continuous Flow Processing of IBC-106 (90X minus 270 mesh particle size)
Dosaqe (lb/ton) X Btu
Recovery
X Re iection
Runl Cell 2EH K Ash PS X Ash X PS
1 1 3.0 3.0 10.5 4.3 0.76 95.1 95.1
2 3.0 3.0 28.2 4.1 0.79 87.5 86.1
3 1.0 1.0 45.3 4.1 0.85 79.4 75.8
4 1.0 1.0 63.6 4.2 0.89 70.6 64.8
2 1 2.7 2.7 9.7 3.6 0.70 96.3 95.9
2 0.9 0.9 22.4 3.7 0.74 91.4 90.0
3 0.9 0.9 38.3 3.8 0.79 84.6 81.8
4 0.9 0.9 55.5 4.0 0.83 76.5 72.2
3 1 3.5 2.3 8.9 3.8 0.71 96.3 95.7
2 1.8 0.6 25.7 3.7 0.69 89.5 87.8
3 1.8 0.6 69.6 4.7 0.84 63.6 59.2
4 0.6 1.2 84.9 4.9 0.87 53.6 48.3
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PREPARATION PLANT WASTE STUDY ON HERRIN SW-3 (ILLINOIS NO. 6 PREPARATION
PLANT WASTE FINES)
A slurry sample of fine waste containing 50.7% ash, 2.24% pyritic sulfur,
3.26% Total sulfur, 0.03% Chlorine and 6805 Btu/lb was collected from a
Southern Illinois preparation plant for gravity testing, flotation
testing, and some preliminary pelletization and combustion testing. The
main objective of the overall test program was to characterize the sample
and to determine methods for economically producing a high quality product
at high Btu recovery.
The sample was collected in ten 55-gallon drums over several days; clear
water was decanted as the solids settled. A total of 450 gallons of
sample was collected containing approximately 320 pounds of solid. In
spite of efforts to concentrate the slurry at the plant to obtain a larger
sample, the percent solids of the waste "as received" was only 8.5,
indicating the waste stream percent solids was much lower than anticipated
at the time of collection.
A sieve analysis of the sample is listed in Table 29. As may be observed,
a quality product representing 13% of the feed Btu value (13% ash) can be
obtained by simply screening the sample at 50 mesh. The 50x100 mesh
sample contains approximately 25% of the feed Btu value with an ash
content of 20.1%.
As shown in Tables 30 and 31 tabling of the +50 and the 50x100 products
further improved product quality. The +50 mesh sample was tabled and
yielded a product with 7.1% ash at more than 95% Btu recovery while
tabling of the 50x100 mesh sample resulted in a concentrate with 9.0 ash
at nearly 90% Btu recovery. The composite concentrate for the table tests
performed on the two size fractions indicate that a product with 8.4% ash
with more than 91% Btu recovery can be obtained indicating that a high
quality product can be produced from the +100 mesh waste from this plant.
Flotation tests were conducted at low and high pulp densities on the -100
mesh sample (60% ash) using alcohol (2EH) only and 2EH mixed with kerosene
at dosages ranging from 0.4 to 5.4 lbs/ton. The minus 100 mesh fraction
had 62% of the feed Btu value. Additional tests were performed using a
2EH/kerosene/ surfactant reagent system. The results are shown in Tables
32 to 37, and the grade recovery curves are shown in Figures 32 to 36.
The results indicate that the grade/recovery curves generated by the
different alcohol/kerosene mixes were essentially identical with kerosene
addition resulting in little deterioration in product quality. Kerosene
and/or surfactant addition did result in a large increase in the rate of
flotation, although surfactant addition resulted in an increase in ash and
pyrite in the product.
For all reagent systems tested, rougher (one stage) flotation was not able
to produce a low ash concentrate comparable to the gravity concentrate.
Two stage (rougher/cleaner) flotation was, however, able to produce a high
quality concentrate (9.5% ash) at high Btu recovery (>80%). A lower ash
concentrate should filter easier than a higher ash sample, indicating that
for this sample, rougher/cleaner flotation is required and justifiable.
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In summary, gravity and flotation processing of the sample indicates that
a high quality product can be obtained at high Btu recovery from this
waste stream. Recovery of this coal would result in not only more coal
available for use but also reduced waste disposal and environmental
problems.
A recommended flowsheet for processing would be to recover the plus 100
mesh fraction of this stream by gravity methods such as a spiral or
shaking tables and to recover the minus 100 mesh fraction using flotation.
Rougher/cleaner or potentially column flotation would be required to
produce a low ash product.
Pelletization tests using a sulfur sorbent were done on coal recovered
from the preparation plant waste to increase its size for shipping and to
decrease S0
2
emissions during combustion. The coal was a rougher/cleaner
product and had 9.3% ash, 3.15% sulfur, and 12, 942 Btu/lb. Two different
calcium based sorbents were added to the coal, Burlington hydrated lime
and Snowflake hydrated lime (made commercially from the Burlington lime).
The Burlington hydrated lime had a surface area of approximately 40 m2/g>
and the Snowflake hydrated lime had a surface area of approximately 20
m
2/9- These were used to help determine the effect of surface area on
sulfur capture during combustion. Combustion tests were performed in a
tube furnace held at 1000'C and 1400°C under a stream of oxygen.
Complete sulfur balances were performed on each test. The sulfur released
during combustion was trapped in a solution of 3% H
2 2
and the sulfur was
precipitated out by adding HC1 and BaCl
2
to form BaS0
4
. The sulfur
captured in the pellet residue was analyzed by dissolving in HC1 , adding
Br(H
20) and NH 30H to precipitate the iron, filtering, and adding HC1 and
BaCl
2
to form BaS04 precipitate. The sulfur balances mostly ranged between
98% and 102%, although, in a couple of runs the balance was as low as 90%.
Up to 80% of the sulfur was captured in these pellets during combustion
depending on the conditions (see Tables 38 and 39). Clearly the lower
temperature combustion condition was more promising for sulfur capture.
In fact, the S0
2
emissions can be decreased to less than 1.2 lb/10 6 Btu
using this method. It should also be noted that combustion in oxygen will
be less favorable for sulfur capture than combustion in air because the
pellet temperatures would become higher in oxygen. This indicates that
future tests should be run in air to be more similar to commercial
combustion.
There is no clear effect of surface area indicated by these results. If
anything the lower surface area Snowflake hydrated lime is a more
effective sorbent than the higher surface area Burlington hydrated lime
especially at the lower temperature. This may be because of differing
sintering rates for the two materials.
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Figure 32- BTU recovery vs. 2-ethyl hexanol dosage for preparation plant waste for various
2-ethyl hexanol/K mixes at 2 min. flotation.
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Figure 33- BTU recovery vs. 2-ethyl hexanol dosage for prepartatlon plant waste for various
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Figure 34- BTU recovery vs. 2-ethyl hexanol dosage for preparation plant waste for various
2-ethyl hexanol/K mixes at 8 min. flotation.
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Table 38. Capture of Sulfur During Combustion of Coal/Lime Pellets in
Oxygen in a Furnace held at 1400°C.
% S Retained
Run # Sample Description in Pellets lb S02/10
6
Btu
2 coal only 4.87
8 Snowflake hydrated lime
(1:1 Ca/S)
1.9 4.78
10 Snowflake hydrated lime
(3:1 Ca/S)
'
5.7 4.59
4 Burlington hydrated lime
(1:1 Ca/S)
4.87
6 Burlington hydrated lime
(3:1 Ca/S)
19.1 3.94
Table 39. Capture of Sulfur During Combustion of Coal/Lime Pellets in
Oxygen in a Furnace held at 1000°C.
% S Retained
Run # Sample Description in Pellets lb SO
2/10
6 Btu
3 Coal only 4.87
9 Snowflake hydrated lime
(1:1 Ca/S)
46.3 2.62
11 Snowflake hydrated lime
(3:1 Ca/S)
80.0 0.97
5 Burlington hydrated lime
(1:1 Ca/S)
35.2 3.16
7 Burlington hvdrated lime
(3:1 Ca/S)
77.5 1.10
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CONCLUSIONS
Testwork was conducted this year to determine methods for processing the
fine waste from a conventional preparation plant. The goal for this work
was to economically recover coal that would normally be thrown away while
producing a quality product that is low enough in mineral matter
(particularly clays) to be readily filtered. This work centered on
developing cost-effective reagent approaches and processing flowsheets.
The results indicate that the most cost effective reagent approach is to
use an alcohol/kerosene reagent system with small dosages of commercial
anionic surfactant being added to increase flotation rates. Work on the
preparation plant sample (Herrin SW-3) showed that two-stage (rougher/
cleaner) flotation was required to produce a low ash concentrate (-9.5%
ash) at 80% Btu recovery. One stage flotation concentrates were approxi-
mately 17% ash at 80% Btu recovery. Testing of the plus 100 mesh fraction
indicated that a quality product could be recovered by gravity methods.
Approximately 28% of the whole feed Btu was plus 100 mesh.
Testwork was also undertaken to determine cost effective methods for "deep
cleaning" a plant-washed coal. The goal for this work was to achieve a
higher level of cleaning than possible at the preparation plant. The work
focused on determining pyrite and ash rejections as a function of particle
size so judgement can be made as to the level of grinding economically
justified. Because Illinois coal is difficult to float, especially at
finer particle sizes, work also focussed on developing reagent packages
for this type feed stream. For this work, grinding studies were conducted
on a low-sulfur high-chlorine sample (Herrin SC-3) and a high sulfur
sample (IBC-106). These results indicated that, for the low sulfur
sample, compliance sulfur emissions could be reached by physical coal
cleaning at a particle size of 90% passing 61 microns. Cleanability of
the sample increased with decreasing particle size. It was also
determined that grinding to this particle size resulted in a 20% decrease
in chlorine levels. Water leaching after grinding was found to not be an
effective method for further chlorine removal. For the high sulfur
sample, cleanability increased as particle size was reduced from 213 to
91 microns but no additional cleaning occurred at a particle size of 61
microns.
The overall result of the reagent work on plant-washed samples is that
what works best for one sample may not work best for another sample.
Generally, alcohol/surfactant mixes result in lower reagent dosages than
alcohol/kerosene mixes but lower dosages must be balanced by the higher
cost of the surfactants. Potential exists for alcohol/kerosene/surfactant
mixes for plant washed samples also. The work has resulted in
identification of a suite of reagents that have been found to be effective
in floating Illinois coal. Testing is required to develop a reagent
package for each coal
.
CFU tests were also performed on several coals. The results indicate that
grade results comparable to batch testing are achievable on a continuous
basis. Flotation times to achieve comparable Btu recovery are often
longer and reagent dosages are usually slightly higher. These differences
are partly attributable to differences in froth removal between the batch
testing system and the continuous system. For batch flotation tests froth
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was removed manually and scraping by hand generally results in removal of
more concentrate than is possible by the automated system for continuous
operation. Also, on a batch basis there are no constraints on the rate
of froth removal. On a continuous basis no more coal may be floated than
may be continuously removed from the launders.
Point of reagent addition was also investigated on a continuous basis.
It was found that a certain "threshold" level of reagent addition is
necessary to obtain acceptable Btu recovery. Once this level is reached
Btu recovery increases markedly. After achieving this "threshold,"
subsequent reagent addition is necessary to ensure high Btu recovery.
Point of reagent addition was not found to effect product grade (as long
as overdoing is avoided) so the reason for observing proper reagent
addition procedures is to maximize Btu recovery while minimizing reagent
expense.
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